Forty patients with roentgenographically occult lung cancer underwent surgical resection. In thirty-five, cancer was detected by mass screening and in five at outpatient clinic. Bronchoscopic localization was accomplished in all cases. Serial block-sections of bronchi of all surgical specimens were prepared and examined microscopically. Forty-two lesions of Bronchogenic squamous cell carcinoma were found including two of concurrent occult carcinoma. The site of tumor in the bronchi, the depth of mural invasion and the axial length of involved portion were investigated microscopically. The depth was measured with a micrometer. Fifteen lesions occurred in a subsegmental or a sub-subsegmental bronchus and 27 in a segmental or a central bronchus. Based on the depth of invasion (DI), occult bronchogenic carcinomas were classified microscopically into six categories (DIO to DI5). Of the 42 lesions, 6 were judged as carcinoma in situ (DI.O), 4 as suspicious invasion (DIi), 7 as intramucosal invasion (D12), 17 as extramuscular invasion (DI3), 5 as extracartilaginous invasion (DI4) and 3 as extrabronchial invasion (DI5). Microscopic analysis revealed the presence of at least two types of infiltration in the bronchial wall. One was the creeping type in which carcinoma extended flatly along the superficial layers of bronchus and was presumed to stay as an occult lung cancer for a long time. The other, the penetrating type in which carcinoma extended deeply into the wall, was presumed to advance within a short period. roentgenographically occult bronchogenic carcinoma ; serial block sectioning ;
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In recent years, mass screening for the detection of lung cancers has become widespread. The procedures of cytologic and bronchoscopic identification of lesions have advanced so far as to facilitate the detection of early lung cancers, especially sputum-positive, roentgenogram-negative lung cancers (Berlin et al. 1984; Flehinger et al. 1984; Fontana et al. 1984; Frost et al. 1984) . This paper describes the pathologic findings of the surgical specimens from 40 patients with roentgenographically occult bronchogenic squamous cell carcinoma with special reference to the site of tumor in the bronchi, the depth of invasion into the bronchial wall and the axial length of bronchi involved in the extension of occult carcinoma. The relationship between the depth and the length, though scanty in the literature, appears to be of profound significance in the clinicopathological aspect of bronchogenic carcinoma.
MATERIALS AND METHODS
In Miyagi Prefecture, mass screening for the detection of lung cancers has been performed since 1982. This screening combining cytologic with roentgenographic examinations was designed so as to detect early lung cancers in a high risk group. Subjects of ages of 50 and above who had either a Brinkman Index above 600 or past history of hemoptysis within the last three months were subjected to both sputum cytology test and chest roentgenography. Screening disclosed sputum-positive, roentgenogram-negative lung cancer in 35 of 22713 subjects, who were admitted to our hospitals.
In another five heavy smokers of ages above 50 who visited our hospitals with complaints of respiratory symptoms, roentgenogram-negative lung cancer was confirmed by cytologic, roentgenographic and bronchoscopic examinations. They were also included in the present study.
Patients with roentgenographically occult lung cancer thus totaled to 40. They were all males ranging in age from 51 to 76 years and Brinkman Index from 550 to 2,000. The chest x-ray films on admission showed no abnormal shadows in any patients. After reperformance of sputum cytology test in our hospitals, bronchoscopic localization of each lesion was accomplished according to the procedures described by Sanderson et al. (1974) and Saito et al. (1984) . They underwent surgical resection. Lobectomy was performed in 30 patients, bilobectomy in 8 and pneumonectomy in 2 ( Table 1) .
The fresh surgical specimen was photographed and fixed in 10% formalin or with formaldehyde-glutaraldehyde fixative (Karnovsky 1965) . The specimen was then photographed again. For microscopic examination, serial block sectioning was performed as shown in Fig. 1 . The bronchial tree from the margin of resection to the ends of the sub-subsegmental bronchi was serially cut perpendicularly to the longitudinal bronchial axis into blocks at a thickness of 2 mm (Eggleston et al. 1982 ). All blocks prepared from a surgical specimen were arranged in order of the anatomical nomenclature of the bronchial branches, photographed ( Fig. 2 ) and sketched. This procedure produced an average of 39 blocks per specimen. All blocks were processed in a usual manner, embedded in paraffin, sectioned and stained with hematoxylin-eosin. When needed, additional sections were serially prepared from the same block and stained by a silver impregnation method, periodic acid-Schiff reaction, Azan-Mallory and Goldner trichrome staining. Thus the presence of carcinoma in the sections prepared from the block in this way implied an extension over 2 mm in the axial direction of the bronchus (Eggleston et al. 1982 ). 
RESULTS

Location in the bronchi
Histologic examinations of serial block-sections identified 42 foci of squamous cell carcinoma in the 40 patients with occult lung cancer. Two patients (5%) had bifocal occult carcinomas. The place that demonstrated the deepest and widest invasion of carcinoma on block-sections was assumed to be the original site of carcinoma. Forty-two lesions were distributed within the lungs as shown in Fig. 3 ; 20 in the right lung (6 in the upper lobe, 3 in the main bronchus or the truncus intermedius, 1 in the middle lobe and 10 in the lower lobe) and 22 iii the left lung (18 in the upper lobe and 4 in the lower lobe). As shown in Table 2 , the level of bronchi where a tumor was located was as follows ; 3 foci in a main bronchus or a truncus intermedius, 3 in a lobar bronchus, 4 in a division bronchus, 17 in a segmental bronchus, 9 in a subsegmental bronchus and 6 in a sub-subsegmental bronchus.
Depth of invasion and its microscopic classification
On the basis of the depth of invasion (DI) into the structures within the bronchial wall (Fig. 4) , occult bronchogenic carcinomas were classified microscopically into 6 categories (DIO to D15); (DIO) --carcinoma in situ in which the carcinomatous change was confined within the surface epithelium, with the continuity of the basement membrane confirmed by both the silver impregnation method and periodic acid-Schiff reaction (Fig. 5) , (DIi) -suspicious invasion in which the continuity of the basement membrane was lost although carcinoma was seemingly limited to the surface epithelium (Fig. 6 ), (DI2) -intramucosal invasion in which carcinoma apparently invaded the lamina propria without penetrating the smooth muscle layer (Fig. 7) , (DI3) -extramuscular invasion in which carcinoma penetrated the smooth muscle layer and extended into the submucosa, not beyond the imaginary line drawn on and between the outer contours of the bronchial cartilages (Fig. 8) , (DI4) -extracartilaginous invasion in which carcinoma penetrated the level of bronchial cartilages with extension into the adventitia (Fig, 9 ) and (DIS) -extrabronchial invasion in which carcinoma penetrated the entire thickness of the bronchial wall to form nests of carcinoma cells around the adventitia (Fig. 10 ). Ductal and/or glandular involvement was not specified in this classification, so far as the basement membrane of the glands involved by carcinoma sustained continuity.
In cases that lost this continuity, wall however, the maximal depth of ductal or glandular involvement was taken into consideration in determining the DI score. By this categorization, 42 lesions were shown to comprise 6 of DIO, 4 of DI1, 7 of D12, 17 of DI3, 5 of D14 and 3 of D15. Table 3 shows the distribution of the depths of bronchial wall invasion by occult bronchogenic carcinoma occurred in various levels of bronchi. Fifteen foci appeared to arise in a subsegmental or a sub-subsegmental bronchus. Five of them were located only in either a subsegmental or a sub-subsegmental bronchus without extension over the other levels of bronchus and confined within the bronchial wall. Twenty-seven appeared to arise in a segmental or a central bronchus.
Metastasis to a peribronchial lymph node was observed in one of three carcinomas showing extrabronchial invasion (DI5).
Length of axial involvement of the bronchus
The axial length of the bronchi involved by occult bronchogenic carcinoma was estimated by counting the number of consecutive blocks affected from the most proximal to the most distal block. In Fig. 11 , the depth of invasion into the bronchial wall is plotted against the length of axial involvement of the bronchus at a step of 2 mm. On this semi-quantitative expression, the relationship between the longitudinal extension and the transmural invasion visualizes at least two different patterns of tumor growth, enabling one to classify the occult bronchogenic carcinoma into two types. A remarkably high length-to-depth ratio is shown in one, while in the other, the ratio is strikingly lower. On this basis we call the former the creeping type and the latter the penetrating type.
DISCUSSION
The cytologic examination of suptum has proved to be a useful means for the detection of early lung cancers (Berlin et al. 1984 ; Flehinger et al. 1984 ; Fontana et al. 1984; Frost et al. 1984) . In fact, this method made it possible to find patients with roentgenographically occult bronchogenic squamous cell carcinoma. Histopathologic examination of the serial block-sections of the resected specimens produced some interesting findings.
In the present series, 17 lesions were found to arise predominantly in a segmental bronchus and 15 in a subsegmental or a sub-subsegmental bronchus. Of the latter 15, five were located exclusively in either a subsegmental or a sub-subsegmental bronchus without showing extension over the other levels of bronchus and confined within its wall. Despite such involvement in smaller bronchi which are non-hilar, they were genuinely negative in roentgenographical evaluation. This result implies that bronchoscopists are required to pay attention not only to major bronchi but to smaller ones, because the subsegmental and sub-subsegmental bronchi may well be within the optimal visual range. The authors place a special emphasis on the fact that bronchoscopic approach com-biped with cytologic analysis can detect roentgenographically occult lung cancer confined within a thin-walled, small-sized bronchus like the sub-subsegmental bronchus.
The progression of occult bronchogenic carcinoma was submitted to staging based on the depth of invasion into the structures of the bronchial wall. Histologic examination of the serial block-sections showed that one can divide the advancement of occult bronchogenic carcinomas into six stages. The cases in which the carcinomatous change was confined within the surface epithelium was designated as DIO (carcinoma in situ). This definition does not concur with the criteria of carcinoma in situ described by Black and Ackerman (1952) . Whether the basement membrane really remains intact is difficult to determine. Bronchi have basement membranes of different thicknesses. Woolner et al. (1984) reported that the basement membrane is often indistinct or nebulous and a diagnosis of early invasion must be based on observations of apparent penetration of the junction between the epithelium and stroma. The authors intended to attach special diagnostic significance to the continuity of the basement membrane in establishing the non-invasiveness. The cases that sustained the continuity as confirmed by both the silver impregnation method and periodic acid-Schiff reaction were classified as DIO (carcinoma in situ). The cases that showed discontinuous basement membrane in the absence of apparent sign of invasion into the lamina propria were classified as DIl (suspicious invasion). In some cases, invasion into thickened basement membrane was suspected and this might be called "intramembranous invasion". DI2 is an intramucosal invasion in which carcinoma definitely invaded the lamina propria without penetrating the smooth muscle layer. The border between DI2 and DI3 was drawn at the level of the outer contour of the smooth muscle layer, in view of the thickness of the lamina propria varying from one portion to another of the bronchus. It is not practical to express the grade of invasion as an absolute value of depth. Woolner et al. (1984) reported that their 12 cancers judged to be extrabronchial had a mean diameter of 2.3 cm. It is quite doubtful whether these 12 cancers should have been all roentgenographically negative. In our study, 3 carcinomas showed extrabronchial invasion. Nevertheless they were all roentgenogram-negative and had a maximal invasion depths of only 1.2, 2.5 and 12.0 mm, respectively. Two of them were located in a subsegmental or a sub-subsegmental bronchus.
The axial length of the bronchi involved in cancer extension was estimated by counting the number of involved blocks at an interval of 2 mm. The estimation may be acceptable more as a practical approximation than as a precise measurement (Eggleston et al. 1982) . The result in Fig. 11 differs from that reported by Eggleston et al. (1982) . They found no correlation between the length of the bronchus involved and the depth of invasion in foci 6 mm or longer. In contrast, the correlation between the axial Length of involvement and the depth of mural invasion in our result was significant, leading us to the tentative division 
